Objectives-(1) To test the hypothesis that minor physical anomalies are increased in patients with schizophrenia and (2) to investigate diVerences in the prevalence of minor physical anomalies in patients with familial and sporadic schizophrenia and their first degree relatives. Methods-A weighted Waldrop assessment was carried out on 214 subjects in five groups: schizophrenic patients from multiply aVected families; first degree relatives of these familial schizophrenic patients; sporadic schizophrenic patients; first degree relatives of these sporadic schizophrenic patients, and normal controls. Broad and narrow criteria for abnormality were defined based on the distribution of minor physical anomalies in the control group. Results-(1) The total schizophrenic group did not have a significant increase in minor physical anomalies using a narrow criterion of abnormality, but did when a broader criterion was used. (2) A significant increase in the proportion of subjects with an abnormally high number of minor physical abnormalities was shown in the group of sporadic schizophrenic patients (uncorrected p<0.01). Separate analyses for males and females showed a significant increase in the male sporadic group (uncorrected p<0.05), and a smaller non-significant increase in the female sporadic group. Neither the familial schizophrenic group nor either group of first degree relatives showed any significant increases in the proportion of patients with high abnormality scores. Conclusion-This work supports prenatal developmental abnormality as a mechanism for sporadic, but not familial, schizophrenia. (J Neurol Neurosurg Psychiatry 1998;64:56-60) 
Minor physical anomalies are subtle morphological anomalies often associated with prenatal insult.
1 2 Minor physical anomalies have been shown to be increased in children with mental retardation and behavioural disorders, especially in boys. 3 Early prenatal ectodermal insult is a compelling explanation for both minor physical anomalies and the associated brain disorders. Increased minor physical anomalies may be familial, associated with chromosomal abnormalities, or with obstetric complications, 4 suggesting that a variety of intrauterine processes may be responsible.
There has been considerable recent interest in schizophrenia as a possible neurodevelopmental disorder, 5 for which minor physical anomalies might serve as a marker. An early study (Goldfarb and Botstein, cited in Waldrop et al 6 ) found increased numbers of minor physical anomalies in schizophrenic children compared with normal controls. Several subsequent studies (reviewed in Alexander et al 7 and McGrath et al 8 ) have also found an increase in minor physical anomalies in schizophrenia, often using a weighted scoring instrument based on distinguishing measures. In the present study, minor physical anomalies were examined in groups of non-familial (sporadic) schizophrenic patients and schizophrenic patients from multiply aVected families, as well as in their first degree relatives. Murray et al 9 and Lewis and Murray 10 have advocated such a strategy as a method of identifying groups of schizophrenic patients in which genetic and environmental factors will have a greater respective aetiological role.
Our purpose was, firstly, to test the hypothesis that schizophrenia is associated with features of abnormal early development. Secondly, we wished to examine diVerences in the prevalence of minor physical anomalies in diVerent types of schizophrenia. Hypotheses based on an early insult in sporadic schizophrenia 5 11 predict an increase in minor physical anomalies in the sporadic schizophrenia group only. By contrast, if familial schizophrenia were mediated by a genetic predisposition to abnormal prenatal development, an increase in minor physical anomalies would be predicted in the group of familial schizophrenic patients and their first degree relatives. These two hypotheses are not mutually exclusive.
Methods

GROUP DEFINITIONS
Assessments were carried out on 214 subjects in five groups by a single assessor (TDG), over a period of two years. The groups comprised (1) patients with schizophrenia from multiply affected families, (2) their first degree relatives, (3) patients with schizophrenia without a family history (sporadic patients), (4) first degree relatives of sporadic schizophrenic patients, and (5) a group of normal controls. Table 1 shows group demographic data. The multiply aVected and sporadic family members were recruited for the Maudsley Family Study from centres throughout the United Kingdom. Normal controls were recruited from various sources, and included spouses of family members, respondents to a local advertisement, and members of staV at the Bethlem and Maudsley Hospital Trust.
Multiply aVected families were defined as families from which more than one first or second degree relative had a diagnosis of schizophrenia, confirmed by interview for this study or by a psychiatrist at another centre. Twenty families satisfied the strict definition of a multiply aVected family, and a further two families were included in the study in which this definition was met if relatives of the schizophrenic proband with schizoaVective disorder were counted as having schizophrenia. The sporadic schizophrenic families were defined by extensive interview as having no evidence of psychotic illness in first or second degree relatives. Normal control subjects also had to meet the criterion of no evidence of psychotic illness in the first or second degree relatives, although the relatives of these subjects were not interviewed.
All of the schizophrenic patients met DSM-IIIR 12 criteria for schizophrenia. Four members of the multiply aVected families were rejected from the study because of the presence of chronic psychoses which did not meet DSM-IIIR criteria for schizophrenia (two cases of schizoaVective disorder, one case of psychosis not otherwise specified, and one case of bipolar disorder). Therefore, none of the patients in the non-schizophrenic groups had a psychotic illness.
ASSESSMENT AND ANALYSIS
Informed consent was obtained from all subjects. All patients in the study had a psychiatric diagnosis made by a single psychiatric rater (TS), using the structured interview SADS-L 13 carried out on the same day as the physical assessment. Further information was then obtained from case notes and informants to allow a DSM-IIIR diagnosis to be made. Both the physical and psychiatric assessors were blinded to family status and to any previous psychiatric diagnosis at the time of the assessment, and were provided only with a patient identification number.
Aassessments of minor physical anomalies were carried out using a weighted scoring instrument.
14 The presence of 18 items was scored and a total score calculated using the same weighting as in that study. The distribution of the Waldrop scores was found to be skewed, so that non-parametric statistics were used to compare the proportion of subjects in each group found to be abnormal. Abnormal subjects were defined as subjects satisfying a criterion defining the extreme range of scores for minor physical anomalies in the control group. Both narrow criteria (defining about 5% of the control group as abnormal) and broad criteria (defining about 10% of the control group as abnormal) were used in the analysis. This is a novel approach; previous studies of minor physical anomalies have not examined the eVect of diVerent threshold criteria, despite there being no widely accepted normal values for the Waldrop scale. The definition of abnormality based on the Waldrop score does not have a clear cut biological basis, and we have not sought in this study to justify any particular definition. Rather, we have explored the eVect of threshold criteria on the demonstration of abnormality in the schizophrenic and relative groups. Separate analyses were also carried out for males and females.
Results
The overall distribution of Waldrop scores in the male and female control groups was similar, allowing the combined control group to be used to define abnormality. A narrow definition of abnormality was used (Waldrop score of 4 or more) which defined 4.3% of the control group as abnormal. A broad definition of abnormality was also used (Waldrop score of 3 or more) which defined 10.6% of the control group as abnormal. Probability values for each of the four groups were calculated for the observed frequency of subjects with abnormal scores versus the expected frequency based on the control group and the binomial distribution. The probability values therefore represent comparisons with the control group. The p Value refers to the significance level based on the binomial distribution and is the probability of observing the number of abnormals seen, or more, given the probabilities based on the normal group for achieving narrow and broad criteria. *Values reaching significance at the 5% uncorrected level. SCZ=schizophrenia.
percentage of subjects with abnormal minor physical anomaly scores from the total schizophrenic population in the study was 9.4% (p<0.10) for the narrow criterion and 18.8% (p<0.05) for the broad criterion. Table 2 shows the proportions in each group defined as abnormal, and figure 1 shows the distribution of actual scores. The total group comparisons (for males and females combined) showed a significant increase only in the sporadic schizophrenic group in the proportion of patients defined as abnormal, using both broad and narrow criteria for abnormality. The comparison using the broad criterion withstood correction for multiple comparisons (corrected p<0.05 using the Bonferroni method). No significant diVerences from the normal group in the proportion of subjects with high scores were found in the familial schizophrenic patients, their first degree relatives, or the relatives of sporadic schizophrenic patients.
The results, considered separately by sex for the sporadic schizophrenic group, showed the males to have a greater proportion of high minor physical anomalies scores than the females, using either broad or narrow criteria. The proportion of sporadic schizophrenic males with high minor physical anomalies scores (17.8% by narrow and 25.0% by broad criterion) is significantly higher than that of controls (uncorrected p<0.05 for both comparisons). The proportion of sporadic schizophrenic females with high minor physical anomalies scores (16.7% by narrow and 16.7% by broad criteria) was also greater than in the control group, but not significantly so.
Discussion
SCHIZOPHRENIA
Previous studies have shown a significant increase in minor physical anomalies in schizophrenic groups compared with control groups. 8 14-16 The proportion of schizophrenic patients in the present study classified as abnormal using a narrow criterion is lower than in most previous studies, at less than 10% for all the schizophrenic patients in the study. In a detailed review of previous studies, Alexander et al 7 pointed out the variation in versions of the Waldrop scale used, and in the use of weighting in previous studies. This, as well as diVerences in the study populations used, makes comparison between studies diYcult, and emphasises the importance of including control subjects (an omission in several studies). Few previous studies have been carried out blinded, although complete blinding between schizophrenic and nonschizophrenic subjects in a face to face assessment such as the Waldrop procedure can only ever be partial. In a study that was blinded 7 a more subtle diVerence between the schizophrenic and the control groups was shown, as here. In the previous study using parametric statistics (the distribution of scores was considered to be normal) the increase in total score in the schizophrenic compared with the control group did not reach significance (p=0.09, one tailed t test).
No previous study has looked at the eVect of diVerent abnormality criteria; this study emphasises the importance of the threshold criterion chosen, with the total proportion of abnormal schizophrenic patients in this study being defined as significantly abnormal by one criterion but not another.
FAMILIAL AND SPORADIC SCHIZOPHRENIA
One possible contributor to the variation in the results of previous studies is the use of heterogeneous populations of schizophrenic patients. The present work was carried out as part of a study specifically set up to look at diVerences between the phenotype of familial and sporadic schizophrenia, and the study population of schizophrenic patients includes more familial schizophrenic patients than any previous study of minor physical anomalies. Few previous studies have examined any link between familial schizophrenia and minor physical anomalies. One study that did suggested an increase in schizophrenic patients with a positive family history, 17 which would be consistent with genetically mediated abnormal prenatal development in that group. That study examined a total of 41 schizophrenic patients, including 16 with positive family histories of schizophrenia defined on the basis of interview with the proband's mother, and did not include control subjects. A significant association between positive family history of schizophrenia and the presence of minor physical anomalies was found. In another study of siblings of schizophrenic patients, 18 no increase in minor physical anomaly score was shown, although that study used a schizophrenic population that was not selected on the basis of positive family history. In the present study no significant increase in minor physical anomalies in the familial schizophrenic group or their first degree relatives has been shown.
By contrast, we found increases in the proportion of subjects with high minor physical anomaly scores in the sporadic schizophrenic patients. This is unlikely to be a methodological artefact as the familial and sporadic schizophrenic patients received identical assessments by the same assessor, and blinding between the two groups of schizophrenic patients was not a problem. The result for the total sporadic schizophrenic group was highly significant and withstood correction for multiple comparisons. The male schizophrenic group achieved a 0.05 significance level for both of the comparisons with controls carried out. Because that significance level is not corrected for multiple comparisons by sex, the result is strictly only significant for the case where there is a prior hypothesis about the male sex. There are, however, grounds for predicting such a result, on the basis of theories suggesting a form of "congenital" schizophrenia, more common in males, caused by abnormal prenatal development. 19 This is characterised by early onset, cognitive impairment, and poor outcome, although the numbers of abnormal subjects in the present study are insuYcient for detailed analysis of these characteristics. The smaller non-significant, increase in the proportion of high minor physical anomaly scores in the female schizophrenic group would still be consistent with theories of "congenital" schizophrenia, which do not exclude the possibility of females being affected. An increase in the proportion of high minor physical anomalies scores in male schizophrenic patients has previously been shown in acute schizophrenic patients 20 and in a chronic refractory schizophrenic group 7 in which seven out of eight schizophrenic patients satisfying a narrow criterion for abnormality were male.
Conclusion
This study has shown an increase in minor physical abnormalities in subjects with sporadic schizophrenia, especially males, but not in familial schizophrenic patients or first degree relatives of either group. This work therefore supports the notion that abnormality of prenatal development is particularly implicated in sporadic schizophrenia. 
